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Abstract 
A middleware and related interface modules is developed to support an Automatic Vehicle Location 
system {AVL) for vehicle tracking and fleet management. AVL is a means for automatically determining 
the geographic location of a vehicle and transmitting the location to a client. The AVL tracking systems 
commonly accomplish tracking with a GPS {global position system), and a set of software tools. The 
combinations of systems are used for managing safety and logistics of vehicle fleets for a wide variety of 
clients. 
One of the more prominent trends in all fields of industry at the time of this writing is the integration of 
mobile devices into all facets of the business process. This has been demonstrated by many companies 
through the use of tablets in the workplace in an attempt to improve the workflow and productivity of 
employees. Some examples include the use of smart phones as a replacement for beepers in the 
medical field and tablets to aid in recording inspections in factories. 
This paper will detail the theory of operation of an AVL system, critical enabling technologies, design, 
implementation and testing. 
Keywords: 
AVL, Automatic Vehicle Location, Database, C#, Java, software development, .NET, UDP, User Datagram 
Protocol, Zoom Information Systems, Asset Tracking, Fleet Management, TerraFleet, Windows Service 
1 
Table of Contents 
List of Tables and Figures .............................................................................................................................. 4 
Executive Summary ....................................................................................................................................... 5 
Chapter 1: Introduction ................................................................................................................................ 6 
Problem ..................................................................................................................................................... 6 
Background ................................................................................................................................................ 6 
Overview ................................................................................................................................................... 8 
Methodology ............................................................................................................................................. 8 
Primary Purpose ........................................................................................................................................ 9 
Chapter 2: System Research and Design ..................................................................................................... 10 
Feasibility ................................................................................................................................................. 10 
System Scope .......................................................................................................................................... 10 
Design Process ......................................................................................................................................... 10 
Protocol Design ................................................................................................................................... 10 
Picture Message .................................................................................................................................. 14 
Server Class Library Design .................................................................................................................. 15 
Database Modifications ....................................................................................................................... 16 
Chapter 3: Software Design ......................................................................................................................... 17 
Software Architecture ............................................................................................................................. 17 
Programming Language .......................................................................................................................... 17 
C# ...................................................................................................................................•............•...•••.. 17 
Java ...................................................................................................................................................... 17 
SQL ....................................................................................................................................................... 18 
Integrated Development Environments and Software Tools .................................................................. 18 
Microsoft Visual Studio ....................................................................................................................... 18 
Eclipse Juno IDE ................................................................................................................................... 20 
pgAdmin Ill .......................................................................................................................................... 21 
Main Components ................................................................................................................................... 22 
Database .............................................................................................................................................. 22 
Communication (send/receive) ........................................................................................................... 22 
2 
Data Extraction (translator) ................................................................................................................. 22 
Diagrams .................................................................................................................................................. 23 
Chapter 4: Software Testing and System Integration ................................................................................. 25 
Software Testing and Validation ............................................................................................................. 25 
Android UDP Message Testing ............................................................................................................ 25 
Location Message Decoding Testing ................................................................................................... 27 
ServerTester ........................................................................................................................................ 28 
Example Testing Process ......................................................................................................................... 28 
Starting the Services for Testing .......................................................................................................... 28 
Location Message Testing ................................................................................................................... 29 
Picture Message Testing ...................................................................................................................... 31 
Chapter 5: Project Management ................................................................................................................. 32 
Schedule and Time Management ............................................................................................................ 32 
Resource and Cost Management ............................................................................................................ 34 
Quality Management .............................................................................................................................. 34 
Project Checkpoints ............................................................................................................................. 34 
Risk Management .................................................................................................................................... 35 
Primary Technical Risk: ........................................................................................................................ 35 
Primary Schedule Risk: ........................................................................................................................ 35 
Primary Cost Risk: ................................................................................................................................ 35 
Project Procurement ............................................................................................................................... 35 
Lessons Learned ...................................................................................................................................... 35 
Chapter 6: Conclusion ................................................................................................................................. 36 
Works Cited ................................................................................................................................................. 37 
Appendixes .................................................................................................................................................. 39 
Appendix A: Channels Class Library Source Code ................................................................................... 40 
Appendix B: Projects Class Library Source Code ..................................................................................... 41 
Appendix C: Encoding Class Library Source Code ................................................................................... 42 
Appendix D: Project Test Report 1 .......................................................................................................... 43 
Appendix E: Project Test Report 2 ........................................................................................................... 44 
Appendix F: Message Protocol Memo .................................................................................................... 45 
3 
List of Tables and Figures 
Figure 1-1: Overview of AVL Connection between device in vehicle and cellular tower ............................. 7 
Figure 1-2: Spiral Development Method Model. .......................................................................................... 8 
Table 2-1: General Message Protocol ......................................................................................................... 11 
Table 2-2 Message Type Values .................................................................................................................. 11 
Table 2-3 Complete Acknowledgement Message Format .......................................................................... 12 
Table 2-4: Complete Negative Acknowledgement Message Format .......................................................... 12 
Table 2-5: Complete Location Message Format. ......................................................................................... 13 
Figure 3-1: Microsoft Visual Studio Development Environment ................................................................ 19 
Figure 3-2: Eclipse Juno development environment. .................................................................................. 20 
Figure 3-4: Message Data Flow Diagram ..................................................................................................... 23 
Figure 4-1: Hercules SETUP Utility Application ........................................................................................... 25 
Figure 4-2: Message Protocol Visual Representation ................................................................................. 26 
Figure 4-3: Message Protocol for Location Message Visual Representation .............................................. 27 
Figure 4-4: Channel Service Controller ........................................................................................................ 28 
Figure 4-5: Fatal Error Example .................................................................................................................. 29 
Figure 4-6: Log2Console Message Screen ................................................................................................... 29 
Figure 4-7: ServerTester software ............................................................................................................... 30 
Figure 4-8: Raw Messages in the AVL Database ......................................................................................... 30 
Table 5-1 ABC Analysis Grouping ................................................................................................................ 32 
Figure 5-2: Project Schedule ....................................................................................................................... 33 
Table 5-3: Resource Costs ........................................................................................................................... 34 
4 
